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- Electroweak interaction

- Beta decay and Fermi theory

- Parity violation

- Weak algebra and neutral currents
- Electroweak theory

- Spontaneous symmetry breaking

- U(1)

- SM

- Fermions masses

- Effective field theory

« Introduction
- Non-interference and revival
+ CP example

Exercices In
purple by hand
and in MadGraph

Connection to
pheno along the
way
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® Does the weak interaction explain why they are
rocky planets?

® |s the proportionality of the Higgs to fermion
couplings to their masses due to

e Parity
e (auge invariance
® Spontaneous symmetry breaking

e \Why are they so many muons produced by CR in
the atmosphere?
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e \Why is the proton stable and not the neutron?

e \Why is neutrino detection due mainly to nuclear and
not electrons?

e Can | predict the W and z masses from low energy
data?
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Electroweak interaction



Pauli (1930) : + neutrino
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E and Spin conservation

Pauli (1930) : + neutrino
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EX: scan cross-section fermi for energies from 1 GeV to 100
GeV
Same in the SM
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Averaged value over the events
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Z > _& Vector
B = R Axial vector or pseudo vector
fcyzp =< A/A ' P-conserving
= (¢, A
A/A — /t/»
Fry — 74 Y
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Maximal violating interaction (1958)
Feynman Gell-Mann Marshak Sudarshan

Weak interaction with the left only
WL s Max if
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Requests: pure left

massive Vector boson

changing particle flavour
L-?
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All the generations but only the leptons for now

Ex : 5—(&-/,,4 — v, \’7:3 w  Farnd a-d ST

$= 4,5, So, Sev C. Degrande



C. Degrande



In QED N Y’
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changed currents and group —> neutral currents
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_ 7ve =2 — Not interacting, not in the SM

XMC = r,LUK é/(}/c Q@ A FX’"F—-\fVZ (Tg—s‘w C;;B/
- F e (Tt &)
fa >w»2 T2, @)
%W% fa 5w4u
Z- —
%z [y -5 g Eay
K/ Z(?/ (o1 / Sw <w
LS L LNy
/§/>W{W—j/‘w Z A I/ZX/A¥ Ne Xz/
L N\—\C/\// % .S(‘)&o\)
(-

C. Degrande



C. Degrande



e =
7 : o Z
L i (b
. S(=9) /o nopdly 4o
=(2) (%) A /”? /, -——(
ey .

’ 6<D , —2 +‘/VI’/ éo/ /é %/Vo\/ﬁ

Mo - 7 Mc¢ xcf/ Eh//CPCD
. e lppezo &) (P )+ # o dibdid

Degrande



C. Degrande



C. Degrande



6—<[>P—_) ZB + Sw/@- \/QV(':)_ (a;,/\

@ Lo | N
. PCS&ASS Slﬂadoa o c@"f}ao\v\\'\ ex Qz‘\ Z,C)7

‘ SF«’X eo( 910‘&{/ V< P&/\'@u Sholoor

7 NU‘/"‘ A’W 9() Q_ﬂys

C. Degrande



P}*: (E, °, 9 FB fi’:‘(eli.li'(:’lﬂ
WL WL — U‘/\, (A/I/ ik
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longitudinal, only if massive
otherwise transverse only

3 pt only
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Gauge invariance implies massless boson
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Electroweak symmetry breaking



b— e L& olx) & complex field or not charged
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1 gauge boson of mass
2
1 real scalar field h of mass® = -2/~ > ¢

1 massless scalar field ¥ mixed with A

(\) Unphysical: removed by gauge transformation
Only derivative interactions: Goldstone boson(massless)
transforms linearly with the gauge «x — X'+ ste

Massive vector = 3 d.o.f.=1 scalar + 1 massless vector
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Protected by custodial symmetry, only broken by
gauge and Yukawa interactions
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3 Goldstone bosons s 474—, 4>—-
0

3 broken generators
Sul?), & U(/L\y — Uty

3 + 4 —> 4

3 massive gauge vector bosons eat 3 d.o.f.

Unitary gauge: & = = = 4

At highenergy. v . ¢ ».
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No unitarity violation at high energy
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Associated production

Vector boson fusion
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Double or more Higgs production but other diagrams
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